behaviors (e.g., smoking, drinking alcohol, taking certain medications), and exposures (i.e., occupational and environmental) have been examined as well.
Maternal smoking and passive maternal smoke exposure during the first trimester have been consistently linked with oral clefts, as the embryonic merging of the lip and palate occurs during this period. Levels of alcohol, vitamin B, folate, and zinc intake have been less consistently associated with oral clefts. Other maternal risk factors such as drug use, radiation exposure, occupational exposures, and infection have also been studied, without consistent results. 7, 8 Paternal exposures and health status are infrequently reported in relation to oral clefts; however, age, alcohol consumption, smoking, and occupational/environmental exposures have been noted to affect DNA integrity in spermatogenesis. 1, 2 In this study, we examine both maternal and paternal health status 9 and social support using validated surveys. No previous studies have examined social support in relation to oral clefts.
PATIENTS AND METHODS
Three hundred forty-seven families with an oral cleft child and 420 control families were recruited between 2008 and 2012 from Ningxia Medical University's General Hospital (Yinchuan, Ningxia, People's Republic of China). Informed consent and ethics committee approval were obtained.
Oral cleft patients/families were recruited from clinic appointments at the departments of oral and maxillofacial surgery and pediatrics. The majority of surgical oral cleft patients were referred by Project New Life or Smile Train. A pediatrician screened all children for associated syndromes and only families with nonsyndromic children younger than 3 years were included. Controls were healthy children undergoing a wellchild pediatrician examination whose parents did not report any of the following: colds, diarrhea, congenital malformations, or a family history of genetic diseases.
The following data were collected from all mothers and fathers separately: demographics, the validated Cornell Medical Index, and the validated Social Support Rating Scale. Questionnaires (in Chinese) were completed by literate parents and verbally administrated to illiterate parents by trained physicians and psychologists.
The Cornell Medical Index detects many selfreported physical and psychological symptoms that often go undocumented during routine interviews. It has 195 yes/no questions that fall into four categories: somatic symptoms (114 items), family history (24 items), general health and lifestyle (18 items), and psychiatric symptoms (39 items). Higher scores (i.e., more affirmative answers) indicate more high-risk parental conditions. [10] [11] [12] [13] [14] [15] Social support, as assessed by the Social Support Rating Scale, was defined as "assistance and protection" given to mothers and fathers from other family members or their community. 51 The scale is based on Cohen and Syme's model from 1985 16, 17 and has been widely used and validated in Chinese populations. [18] [19] [20] The Social Support Rating Scale evaluates overall social support by creating a composite score from objective forms of support (the degree of actual support an individual received), subjective support (the perceived interpersonal network on which an individual can count), and the availability of support. Higher Social Support Rating Scale scores indicate stronger social support networks. Independent t tests, chi-square tests, and logistic regression were used to compare cases and controls, using a significance level of p < 0.05. Analyses were conducted using SPSS, Version 16.0 (SPSS, Inc., Chicago, Ill.).
RESULTS
Patient demographics for cases and controls are summarized in Table 1 . Maternal and paternal ages at the time of conception were significantly different between cases and controls. Although urban and rural distributions were not significantly different in the two groups, subsisting on farming was significantly higher for cases. No significant differences were found for average income or child sex. Table 2 compares Cornell Medical Index scores of case and control parents; most of these self-reported health scores differed significantly between the two groups. Table 3 highlights results from a logistic regression with presence of an oral cleft as the dependent variable and Cornell Medical Index categories as independent variables; odds ratios for statistically significant Cornell Medical Index associations are shown. Associations were statistically significant for paternal eye/ear health, respiratory health, nervous system health, and feelings of inadequacy; and maternal gastrointestinal health, musculoskeletal health, illness frequency, reported diseases, health habits, and feelings of anger. 
DISCUSSION
Oral cleft is a complex disease that has been investigated by scholars from plastic and maxillofacial surgery, genetics, molecular biology, and epidemiology. Cases are often distributed around the world, making large case series logistically difficult. Moreover, a great deal of oral cleft exposure data come from animal models, which have variable applicability to humans. 21 This study pioneers the use of validated surveys to systematically investigate exposures and social support. Our examination of this Chinese population shows that both maternal and paternal demographics, health indicators, and environmental exposures remain relevant to the discussion of oral cleft cause.
The link between maternal age and oral cleft is inconclusive in the literature. Although several studies found no correlation between increased maternal age and oral clefts, [22] [23] [24] [25] others have reported an independent effect for maternal age. 26, 27 Hay and Barbano published one of the largest series to date examining both isolated and syndromic oral clefts and reported significant independent effects of maternal age and birth order. 28 However, combining isolated and syndromic oral clefts decreases the generalizability of their findings. 3 Our results indicate that both maternal and paternal age may have independent effects on having an oral cleft.
Parental occupation serves as a proxy for environmental and industrial exposures. Our results show that cases were more likely to have parents who subsisted on a farm. Aliphatic aldehydes, ethyl ether, aliphatic acids, trichloroethylene, and pesticides are commonly found on farms in China and have been shown to increase the risk for oral clefts. [29] [30] [31] Past studies have also indicated that families of low socioeconomic status may have higher incidences of oral clefts. 8, 32, 33 Our study corroborates this association, as case families tended to have a lower annual income (18,620 RMB) compared with controls (22,050 RMB), although this difference did not reach statistical significance. Low income and low socioeconomic status are likely proxies for parental education, health, and lifestyle, which are often related to exposures and perinatal health.
Although previous oral cleft studies focus largely on individual risk factors such as alcohol consumption, smoking, and specific vitamin deficiencies, few studies have evaluated the association between generalized parental health and oral clefts. Using the Cornell Medical Index, one of the most comprehensive and validated surveys in the literature, 10, 34, 35 this study was able to examine the overall health of both parents in relation to oral clefts. We found that case parents had consistently lower Cornell Medical Index scores compared with control parents in each organsystem subcategory. Logistic regression confirmed the association between several Cornell Medical Index categories and oral clefts. Of note, eye health responses were influenced by a parent's access to glasses; therefore, results from this section are likely biased and an association with oral clefts cannot be presumed. Respiratory problems in the mother and father may be a proxy for smoking, indoor air pollution (e.g., indoor stoves), or environmental/industrial inhalants; therefore, the association noted here is consistent with existing literature.
Maternal nutrition during the first trimester is often reported to have an association with oral clefts and is well documented in randomized controlled trials examining folic acid supplementation. [36] [37] [38] [39] Both the t test and logistic regression results from this study show that maternal gastrointestinal health, which correlates with nutrition and vitamin intake, had a statistically significant association with oral clefts. Musculoskeletal system problems and illness frequency are also useful proxies for the generalized parental health, and are likely related to labor-intensive work, access to health care, and exposure to medications. Feelings of maternal anger and paternal inadequacy in the first trimester also had a significant association with oral clefts, 40 which may argue for a more holistic approach to prenatal care. Rodent studies report that maternal stress can cause growth retardation, cleft palate, or fetal loss. [41] [42] [43] Other animal studies provide a physiologic basis for the negative impact of maternal stress, showing that increased glucocorticoid production may mediate fetal toxicities that include oral clefts and skeletal malformations. 44, 45 In larger mammals and humans, excess glucocorticoid exposure has been linked to fetal growth retardation. [46] [47] [48] [49] Subsequent studies have proposed placental 11β-hydroxysteroid dehydrogenase, which converts active cortisol to inactive cortisone, as a possible therapy to protect fetuses from high levels of maternal glucocorticoids. 50 Low or inadequate levels of social support may be associated with higher levels of stress 51, 52 and therefore higher levels of maternal cortisol. Cortisol may therefore play a role in our results that correlate low Social Support Rating Scale scores with oral clefts.
53
A majority of the oral cleft patients were recruited from a surgical clinic. Typically, this could indicate that the oral cleft parents are of higher socioeconomic status (i.e., have higher education levels, and more time and more resources to acquire surgical care for their child). However, most of the oral cleft patients in this study were recruited by Project New Life and Smile Train, which are charities that target underserved populations. Therefore, it is unlikely that the oral cleft families were of higher socioeconomic status compared with controls.
As with all case-control studies, recall bias was a potential limitation of this study. As oral cleft children tend to be recruited at an earlier age because of the need for early surgical intervention, differences in the accuracy or completeness of information related to prebirth events may exist between the two groups. Future research in this area will benefit from a large, prospective study design that can further establish causation between parental factors and oral clefts. The results of this study support the ongoing investigation of maternal and paternal demographics, health indicators, and environmental exposures as causes of oral cleft.
CONCLUSIONS
Advances in the prevention of oral clefts require elucidating its interrelated multifactorial causes. To examine these causes more effectively and systematically, a validated set of metrics can help categorize case and control data. This study investigated oral clefts from a holistic perspective to show how maternal and paternal health status
